Abstract-Electronic sensing technology intervention was intended to overcome human's physical limitation. It has developed and greatly advanced over the decade. This project emphasizes on characterizing herbs species based on unique of herbs odor. E-nose system in this project consist an array of commercial gas sensor which detects gas through an increase in electrical conductivity when reducing gases are absorbed on the sensor's surface. Data obtained from sensors array are classified using Artificial Neural Network (ANN) technique. The E-nose system with five sensors has the highest capability in classifying herbs sample. Accuracy in classifying the correct herbs increases with number of the sensors used. Results show that sensitivity of E-nose towards herbs classification increases with higher number of sensors.
I. INTRODUCTION
Currently, many researchers have investigated the methods of plant species recognition based on physical or texture of leaves [1, 2] . Previously, human nose had been used in many industries to measure the quality of food, drinks, perfumes, cosmetic as well as chemical products [3] . Human nose functions as an analytical tool in the industries. However, this sensory panel is subjective and inaccurate. Many factors such as physical, mental health, fatigue and other body conditions might influence accuracy of human sensory system [4] . In order to solve for the human nose limitations, first attempt on aroma measurements were done in 1920s [5] and found that the addition of volatile substances to water will increase sprayelectricity. This spray electricity could be used to detect presence of small amounts of aromatic compounds. Aroma measurement is further developed when two groups published studies and experiments on olfaction devices which is modulation of conductivity and contact potential is intended to differentiate between aromas bouquets and monitor aromas respectively [6] .
After several years of revolution, E-nose is first introduced in year 1982 [7] . It is said to be an intelligent chemical array sensor system for aroma classification. Initial research of Enose focused primarily on sensor aspect of the problem exploring the use of metal oxide devices and conducting polymers. By that time, the development of computers and electronic sensors made it conceptually possible to obtain an electronic device capable of imitating the mammalian olfactory system.
Revolution continues where E-nose was introduced in 1988 and more and more sensors are developed. E-nose is re-defined as an instrument which comprises an array of electronic chemical sensors with partial specificity and appropriate pattern recognition system, capable of recognizing simple or complex odors [8] . After years of research and development, E-nose has now transformed to a system which provides a costeffective solution to the human sensing limitations and capable in performing real time identification portable form.
In this research, five metal oxide sensors were set aside in order to classify different types of herbs. The analogue signal output from the sensor arrays will be converted to digital values by using data acquisition device. Testing of the system is carried out using different type of herbs leaves to prove its ability in classifying the herbs. The leaves are crumpled before testing with E-nose sensor so that the odor will be completely released from the herbs for better recognition. The sensor arrays will sense the odor and the collected data will send to the computer for further process. In order to assess real detection by all the sensors, gas chromatography-mass spectrometry (GC-MS) test is performed to figure out the chemical compounds of the herb and thus verify the relationship between sensors and target herbs. The data are being analyzed and the neural network is used to classify the herbs. This paper will discuss principle operation of e-nose system at the first section which including comparison between mammalian olfaction system and e-nose system. In methodology section, sensor used in e-nose system will revealed followed by data collection and herbs classification. Meanwhile, GC-MS results on herbs and correlation with the sensor employed in this study will further explained in result and discussion section together with training test and set for Artificial Neural Network (ANN) technique applied in the experiment. Figure 1 shows a comparison between mammalian olfaction system and E-nose system. The sensor array of an Enose has some similarities with primary neurons in the human olfaction system and is discussed in Table 1. E-nose operates when volatile organic compounds samples are placed on the odor and handling mechanism simulating a signal carrying the characteristic of the odor. This signal will be sent to pattern classifier for recognition. Next, sampling technique such as headspace, diffusion methods, bubblers or pre-concentrators are being used to draw the odor molecules into the E-nose [3] [4] . Figure 2 further illustrates the sensing concept of E-nose. An E-nose is composed of functional blocks such as sensor array, odor handling and delivery system, data acquisition, signal processing and pattern classifier software [9] . Odor sample being drawn to the sensor array will undergo some chemical changes. Electrical signals transduced due to the chemical changes will be pre-processed and finally identified by a pattern recognition system. Pattern classification algorithms and data processing techniques played a vital role for the implementation of e-nose. Before E-nose is being commercialized, training is required for the pattern classifier with a database of known samples and is used to predict the response for an unknown sample. The system is completed by providing an interface using computer central processing unit (CPU), recognition library and recognition software that serve as brain and graphic user interface to process input data from the sensor array for subsequent data analysis [9] .
II. PRINCIPLE OPERATION OF E-NOSE SYSTEM

III. METHODOLOGY
This project started with the circuit design of sensors followed by simulation using Proteus. The designed sensor circuit is being tested on breadboard before printing designed layout on PCB board. Next, ANN model is built by using MATLAB and data were collected in order to form the training model. Then, data were classified by using ANN model and consequently end up the process with the evaluation of the results. 
A. Sensor Selection
The Figaro metal oxide sensors are chosen to form sensor arrays of designed e-nose. Principle operation of the gas sensor is oxygen from air absorbtion of SnO2 and electron is removed from the SnO2 conduction band near surface. Due to this removal of the electron, an insulating region is produced and increases contact resistance between powder grains.
The Figaro TGS sensor employed for the E-nose system as shown in Table II . According to the Table II , it can conclude that each sensor being selected is sensitive to ethanol chemical compound which is originated from alcohol family.
B. Data Collection
Data are collected by using procedures as below:
• Sample is weighted as 10grams and is ready to put into the gas chamber as shown in Figure 4 . Circuit is being preheated for 1 minute before samples are being put into the gas chamber. Preheating time of the sensors is set to be 1 minute so that all the sensor voltages are being stabilized and stop fluctuating.
• Samples are crumpled before putting it into measurement chamber. Crumpled leaves emit its odor completely for better recognition. The chamber lid is opened and herbs sample are put into the chamber. The net will hold the herbs to avoid direct contact with sensors.
• Output voltages from each sensor are recorded with 8 time interval of 10 seconds. Around 3 sets of data are recorded for the same herbs sample and each set of data contains 10 trials. Cooling time for each sensor is around 5 minutes before next set of data is being taken.
• Steps 1-3 are repeated for four other types of herbs. Environment inside the gas chamber is ensure to have humidity between 55-65% RH and temperature of 27-30 °C by conducting the experiment in the same laboratory. 
C. Herbs Classification
Data collected in the previous step are divided into three sets which include training set and two testing set. Parameters of ANN model are set before training the model. If the model is being trained successfully, testing set will be input into the model and herbs classification will be conducted. Flowchart of the ANN analysis is as shown in Figure 5 . There are two different ways in which training can be implemented: incremental mode and batch mode. In incremental mode, the gradient is computed and the weights are updated after each input is applied to the network. In batch mode, all the inputs in the training set are applied to the network before the weights are updated. This model is using the batch mode training with the train command. Tan-Sigmoid neural transfer function is used for three neural layers of the model. Since the output is between the range of [-1 to 1], it is recommended to use the tan-sigmoid for the output layer for proper training.
The performance plot shows the value of the performance function versus the iteration number. It plots training, validation and test performances. The training state plot shows the progress of other training variables, such as the gradient magnitude, the number of validation checks, etc. The error histogram plot shows the distribution of the network errors. The regression plot shows a regression between network outputs and network targets.
IV. RESULTS AND DISCUSSIONS
A. GC-MS Test
GC-MS test is performed to evaluate relationship between the Figaro sensors with target herbs. Gas chromatographymass spectrometry (GC-MS) is a method that combines the features of gas-liquid and mass spectrometry to identify different substances within a test sample. Herbs leaves are extracted into oil form before the test is carried out. Table III , it shows all the herbs contain compounds with suffix-ol which is used in organic chemistry to represent alcoholic compounds. In common, the word alcohol refers specifically to ethanol which shows some positive relations with gas detected by the sensor arrays. Thus, sensors should be sensitive to target herbs with different sensitivity posed by each sensor. Figure 5 ) and 5V is supplied to the power supply for heating up the heater and measuring circuit. Sensor voltages are output to the DAQ device for storage and further processing. 
From analysis of GC-MS in
C. Training and Test Sets
For the sake of pattern recognition system development, the collected data were divided into three sets, namely, training set and two test set of raw data. The training set is used for modeling the recognition system while the tests set are served to evaluate the system performance. Basically, the performance of the system is measured by computing the percentage of correctly recognized patterns on all the input patterns presented to the system.
D. Data Analysis
From Table IV , designed E-nose yields an average accuracy of 66 % by using two sensors while the accuracy increases to 85% when 3 sensors are used. 90 % accuracy is achieved when 5 sensors are being used. Similar trend goes to the comparison between training set and test set 2 as in Table V . It shows an accuracy of 66 % and 85 % respectively when using 2 and 3 sensors. When using 5 sensors, the system hits an accuracy of 87.5 %.
Summarizing these two tables, five features analysis shows the highest accuracy as compared to others. Conclusion can be made where five sensors have the highest capability in classifying herbs sample. Accuracy in classifying the correct herbs increases with number of the sensors used. Results in Table IV and V indicate a success of using ANN in classifying the herbs. V. CONCLUSION E-nose is built by using five Figaro metal oxide sensors in evaluating five different types of herbs which includes curry, lemongrass, limau purut, pandan and limau kasturi. Selected sensor arrays shows its relationship with the odor of the herbs through the GC-MS test which proves the reason why there is voltage changes when the herbs is present.
Data obtained from sensors array are classified using ANN techniques. Result showed that developed E-nose system with five sensors has the highest capability in classifying herbs sample. Accuracy in classifying the correct herbs increases with number of the sensors used.
In short, an odor sensing system, E-nose is successfully developed to classify herbs sample by using artificial intelligent technique, ANN and five metal oxide sensors array.
